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Abstract:
The strong competition, changes in customer requirements and growing complexity of manufacturing systems makes more and more important the human factor. It seems that the best idea for management of complex manufacturing and market imposed production changes is to use small, human-oriented, semi-autonomous units. Such a units on a basic level of manufacturing should be supported by suitable information systems. The paper describes the idea of the decentralised information system based on holonic idea. The research carried on Department of Production Engineering allowed to build the model of such a system. The next step is to build the universal core of the system.
Introduction
Growing international competition makes it necessary to quickly react to market demands, increase quality and decrease prices of products. Improvement in productivity and quality is necessary. At the same time in the industrial countries, the intensity of capital investment in production has grown rapidly over the last years. It results in more efficient and easier to use, but also more complex manufacturing systems. When to add to it the fact that the number of working hours is decreasing continuously, it is obvious that employees directly involved in the manufacturing process play a more important role than in the past.
Competitiveness of present manufacturing systems can be increased mainly by better work organisation, which should ensure higher motivation, increase competencies, and personnel stability. It should be supported by a suitable information system to get a better information flow. However, present information systems are expensive and not flexible enough, especially for unit production and for small companies. As a result, they hardly ever are applied in manufacturing units, except in fully automated manufacturing lines in mass production [5]. Is also very important that present information systems reduce the role of operators [11]. It results in low motivation for work and lack of operators’ initiative. It seems obvious that the new generation of information systems should be developed. They should be more flexible and more suitable for new organisation methods, based on higher involvement of machine operators.
Information systems on basic level of manufacturing
The importance of Small and Medium Enterprises in the national economy is expected to grow in all countries irrespective of the level of industrial development [8]. In the coming years, there is an increase in the number of people employed in small manufacturing companies expected almost in every country [4]. There is also a very important trend toward splitting up big companies into small, flexible and partly independent organisation units. Those trends, useful in improvement of managing complexity of present systems are also visible on the basic level of manufacturing. Traditional workshops and production lines are not flexible enough, too sensitive to disturbances and, what is very important, have low performance[16]. However, the cost of information system is quite high in the case of variable production, Figure 1.
In such a manufacturing unit people, who are highly intelligent elements of production systems should be more involved in the manufacturing process. It is in conformity with the socio-technical approach developed several years ego [10]. But at the same time there is no popular, inexpensive and easy to use information system, which would support such organisation methods.
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Figure 1. Cost of information units in different kinds of production [16].
A modern information system for support work of manufacturing units, especially in small companies and in unit production should fulfil special requirements. Presently information systems, like MRP/EPR, usually work on a higher level of organisation structure or, like in big companies for mass production, are dedicated for a particular manufacturing system. Those systems usually aren’t human oriented and are not flexible enough. This fact is confirmed by research according to which, small and medium companies hardly ever use special software to improve the production system performance. A similar situation is in manufacturing units of bigger companies, which are involved in unit and small batch production. This fact was confirmed by research done both in European Union countries [8] and in Poland.
Benchmarking research showed that most small enterprises don't use any special programs to support shop floor control activities. Usually production plans are made by an experienced supervisor of the shop, based on his knowledge and the written reports as a feedback from production. Introduction of the proper Shop Floor Control based on information systems tailored to the needs and requirements of SME should improve their performance. 
Software systems for shop floor, which are presently on the market, were designed for upper levels of organisation of big firms. Usually, they are too big, too expensive and not flexible enough. They do not allow for quick reconfiguration of workshop in case of reorganisation of production. They also do not take into account the human factor. Machine operators in small companies and in modern manufacturing units of big firms are much more important than in big traditionally organised firms.
Requirements of a Shop Floor Control System for SME
Research in the field of Shop Floor Control is carried out for some years at the Department of Production Engineering of the Warsaw University of Technology. The aim of the research activity is to develop a shop floor control system suitable for Small and Medium Enterprises involved in piece and small batch production.
The research has shown that a large number of requirements for a shop floor control system of small enterprises are different from those of big companies. Big companies are usually in a more comfortable situation than SMEs. They have production in larger batches, bigger than in SMEs and a bigger amount of money for investment in specialized expensive software. They can also employ well skilled staff for servicing the software. Such control systems are in most cases too large, not flexible enough and too expensive for small firms. 
The research showed that a system suitable for SMEs should fulfil several conditions:
· Possibility of active involvement of human operators in the control of the manufacturing system.
· Modular architecture of the shop floor control enabling easy and inexpensive application of the system to various kinds of manufacturing systems.
· Open architecture enabling easy reconfiguration of the applied system.
· Simple and user friendly control and communication systems.
· Computer integration of the control system and other software applied in the company.
· The shop floor control system should be inexpensive.
The conditions presented above are widely known, however, it seems that not enough emphasis was put on some of them. One of the advantages of small companies is their flexibility. Changing the company’s production profile very often requires reconfiguration of the production system and the shop floor control as well. An easy and inexpensive reconfiguration of the control system can be achieved only in a modular structure and open architecture of the system. It is also very important that such architecture can allow easy designing of the control system suitable for the particular enterprise by applying the proper modules [15].
Human factor in shop floor control
Active involvement of human operators in the control of the manufacturing system is one of the most important things [9]. In the past, the operator was treated as the most primitive part of an automated manufacturing system. The idea to elaborate fully automated manufacturing systems for job shop production, like FMS was leading to a decrease or even elimination of the human factor in manufacturing. As a result, the role of machine operators was practically reduced only to manual work. By applying such approach it was impossible to have a highly motivated and active employee who would care about improving the manufacturing system performance. It resulted in increasing the system complexity and lowering its flexibility [6].
Only proper work organisation which will give operators more freedom and responsibility will involve them in the process of continuos improvement of quality and productivity [3]. It is also very important in small companies, as in most of them there is no special staff for organising and controlling work on the shop floor. The structure and functionality of the Shop Floor Control system for SME should take into consideration the importance of the factor. It means that the system must be not only user friendly but also, which is much more difficult to obtain, it should involve operators in the decision making process. The best solution would be to give the operator some scope of freedom in organisation of the work on his stand or machine, as he is used to plan his private life. At that moment he would be able to optimise the work on his work place on the base of production plans.
Control system architectures
There are several control architectures whose application in the control systems is possible. As research shows, the architecture for a control system which will better utilise machine operators, should be decentralised to spread the decision power over it, and it should make modularization easier. The decentralisation of the decision power is very important to increase robustness of the system against disturbances and to allow proper utilisation of the intelligence of the system staff.
The most common decentralised architectures are:
· heterarchical, called also multiagent
· decentralized hierarchical
· holonic
The heterarchical structure is completely decentralised, every decision is taken by parallel and equal agents [1]. Each of them has special unique competence, and data from the system, Figure 2. Decisions are taken as a result of negotiation between agents, all of the agents have their own goals and try to optimise them [13]. Because of the specific structure of the heterarchical model its behavior is similar to free market behavior. 
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Figure 2. Heterarchical structure based control.
The decentralised hierarchical structure is another option. Sometimes it is called modified hierarchical. The name shows that some kind of hierarchy exists, however, it isn't a typical centralised structure, Figure 3. The decisions are taken by local agents, the central agent only coordinates and optimises the work of the system [1].
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Figure 3. Modified hierarchical structure based control.
The holonic architecture is also described as a decentralised structure. The idea of holons was taken from the behavior of the self-organising structures in nature [2]. The structure of the holonic architecture manufacturing system is based on three kinds of basic holons [17]:
· resource holon - responsible for the control of the physical resource
· order holon - responsible for the correct and on time execution of an order
· product holon – which stores every information about a group of products that is necessary to manufacture them
The basic holons exchange bits of information about the manufacturing system and manufactured parts as shown in Figure 4. Process knowledge is the information and methods how to perform the required process using the available resources. Production knowledge is the information how to produce the product using the resources. Finally Process execution knowledge is the information about the execution of the process using resources. Staff holons, like for instance scheduling holon, can be added to the holonic architecture.
At the beginning of the research, advantages and disadvantages of those architectures have been investigated. Finally the holonic approach was chosen.
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Figure 4. Basic architecture of the Holonic Manufacturing System [17].
The main advantage of it is possibility of applying various control algorithms from heterarchical to hierarchical in the same control system structure [12].
Implementation of the Shop Floor Control System
The Shop Floor Control System for SME should have an open architecture to make reconfiguration easy and which is even more important, to allow an inexpensive completion of a fully functional system applying suitable modules. The modular architecture supported by something like an universal toolkit seems to be the best solution for those kinds of systems. Such a modular architecture based on a universal core and specialised modules, is applied in real-time operating systems like QNX or OS9 [7], and in turn can be used in building operation systems, suitable for particular needs of a customer. A system of this kind is inexpensive and small. Similar idea was applied in a shop floor control system for Flexible Manufacturing Systems, which is under research at the University of Hannover [14].
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Figure 5. The structure of the Shop Floor Control system based on Universal Core and specialised modules-holons.
The control system that is being developed at the Warsaw University of Technology will incorporate the idea of a universal core and specialised modules (see fig.5). The core will be something like a server for the whole system, but each control decision will be taken outside it, by special modules - holons. Holons will communicate with each other by a server. The core will also hold all information about modules in the system. Such an architecture should enable implementation of various system structures, from multiagent to holonic.
The control system should be implemented in such a way to give possibility to apply various production control algorithms from centralised to decentralised. Present control systems are strongly connected with one kind of control algorithm. The system that is developed at Warsaw University of Technology will allow to use various manufacturing algorithms. The decision power will be spread on arbiter holon and two kinds basic holons: order and resource. In the case of centralised algorithm control decisions will be taken only by arbiter holon according to production schedule. Commands will be sent to basic holons. In the case of decentralised algorithm decision will be taken by basic holons. The arbiter holon will co-ordinate their work according to production plans, by sending suggestions (fig.6).
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Figure 6. The general decision model in the decentralised Shop Floor Control system 
To enable easy changing of the control algorithms the basic modules-holons will be consisted of two parts: the decision and the execution (fig. 7). The execution part, responsible for tasks performing will work according to commands of decision part. The decision part co-operates with arbiter holon. Possible to use control algorithms will be installed both in decision pats of basic holons and in the arbiter holon. The arbiter holon task is to control the efficient work of the system according to chosen production algorithm. The proper algorithm can be chosen by system administrator before starting work of the system. In the future there should be possibility to change algorithms during system work.
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Figure 7. The model of the basic holon consisted of two parts.
The developed system structure based on universal core and specialised modules will give a possibility of building a Shop Floor Control system, with configuration adapted to various kinds of systems. This architecture should enable an easy and inexpensive completion of the system suitable for local requirements and also easy reconfiguration.
The idea of the architecture based on the decision model spread between arbiter holon and basic holons will allow for choosing different control algorithms. Such a model will allow for decentralisation of the decision power in the manufacturing system, according to current needs. It will allow for incorporation of the machine tools operators in to the decision process. They will be able to participate in the control process by supporting the basic holons by their intelligence.
Conclusions
Growing significance of SMEs and a trend towards splitting up big enterprises into semi-autonomous manufacturing units makes necessary to elaborate information system suitable for them. Such human oriented system should give machine tool operators access to proper information, which will allow them to make production decisions when necessary. The operators should make up a highly motivated team involved in increasing productivity and quality of products.
The holonic structure of manufacturing control seams be the best solution, giving an opportunity for adjusting the decision-making system to the current situation. Human operators may be involved in the negotiation process between holons, when needed.
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